Attempts to establish the beautiful native American lotus in new locations have often been marked by failure, a fact which evokes scientific interest in the growth and dormancy habits of this plant. In spite of the fact that embryos have been known to sprout after two hundred years of dormany (6), it is doubtful if the plant reproduces from seed at all frequently in nature. The facile multiplication of tubers and the rapid growth of shoots from these create a competition for light and space which seedlings, if started under natural conditions, could probably not overcome. With the lotus in nature primarily dependent upon tubers for perpetuation, it is not surprising that florists in commercial production also rely chiefly upon them rather than upon seeds. The tubers produce a large flowering plant in a single season while the seedlings require at least two and sometimes probably as many as four years for floral development.
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No record has been found in the literature of successfully growing the plant from seed. It is stated (3) that if holes are made in the fruits and they are then placed in a pond, their embryos are so delicate that they do not survive. In another case no signs of plants were found a few years subsequent to the planting of thousands of the fruits sown just as they came from the pods (3). The writer is personally acquainted with men who have had similar failures.
Scientifically, interest has centered largely in the germination of Nelumbo seeds. Old Indian lotus fruits obtained by OHGA from a prehistoric peat bed in South Manchuria are the most striking examples of protracted dormancy known to science (6) . These were estimated to be three hundred to four hundred years old and certainly not less than two hundred years. A long period of dormancy has not been recorded for the American species but the fruit structure of the two species is practically alike and no sign of swelling occurs in either after being kept in water for several months (2) .
OHGA (6) found concentrated sulphuric acid treatment to be the easiest method of overcoming this dormancy. Fifty per cent. chromic acid and concentrated potassium hydrate also overcome the impermeability after a longer period of time. According to his work, practically all of the fruit coat shows the cellulose reaction. SHAW (9) describes the cells as having a middle lamella of a mixture of pectic compounds and lignin, and a cellu-PLANT PHYSIOLOGY lose lamella on either side which becomes very thick in the palisade cells composing the impermeable layer. She also describes a deposit of suberin in a lamella between the cellulose and the middle lamella of the palisade. In the cells bordering the stomatal cavities the suberin would be the material exposed to reagents. In her conclusions she states that "the only possible way to cause water to enter these stomatal cavities in Nelumbo lutea is to remove the fatty suberin lamella by some solvent. Aside from this method the only way to germinate these fruits is by filing the coats through the palisade layer, or by removing this layer by strong reagents."
Both OHGA and SHAW considered the stomatal cavities as places of attack but OHGA also considered the vascular scar at the basal end, the protuberance and the stylar canal, as points of water entry. After a thorough microscopical investigation he suggested a possibility of entrance at the stylar canal but said it would be rather difficult, and thought that it would be impossible at the other two points. In the present work, treatment with Schweitzer's reagent for seventy-five to two hundred hours made the fruits permeable, and the embryos developed normally. A three-hundred hour treatment destroyed the embryos. The reagent apparently gained entrance at the stylar end, that being the first portion of the coat to show swelling after the fruits were placed in water. SHAW probably is correct in stating that a fat solvent is necessary for dissolving the retarding layer in the stomatal cavities, but the statement that the only possible way to cause water to enter is by means of such a fat solvent, filing, or strong reagents does not appear to be correct, unless Schweitzer's reagent be classed as one of the latter. Further, in view of the specificity of Schweitzer's reagent, cellulose tissue, doubtless, participates in maintaining the impermeability of the fruit coats to water. Thus, a cellulose layer of cells may be chiefly responsible f6r the protracted dormancy of Nelumbo fruits.
Despite the searching investigations of OHGA (4, 5, 6, 7) , SHAW (9), JONES (2) shows that growth is directly related to temperature. The higher the temperature the more rapid the growth for the temperatures used. The upper thermal limit at which the plant will grow was not determined. Slow growth, due to low temperature, would not permit successful competition with vigorous northern plants; but this does not explain the inability to establish the plant in new locations of similar temperature. The northward advance may also be prevented by the depth of winter frost. That the winter-tubers are destroyed by freezing was readily determined by freezing the tubers in water, at -2.00 to -2.60 C., for two hours. BISSET (1) and TRICKER (10), authorities on water gardening, both state that the tubers are destroyed by freezing. Destruction of the tubers in this manner may account for the lack of success in a new location of shallow water. But the depth of ice rarely exceeds two feet even in our northern lakes. As the tubers are located six to twenty inches in the soil beneath the water it appears that other factors are involved in nature.
Hydrion concentration has been found to be very influential in the development and distribution of plants (11, 12, 13) , but little is known of its effect on the germination and development of aquatic spermatophytes. The large American lotus proved excellent material for such observations. hydroxide gave the desired pH values. The continued shifting toward the neutral point by both acid and alkali solutions was corrected by regular additions of small amounts of normal solutions. Daily colorimetric tests were made and checked potentiometrically at intervals. After the experiment had been running a month and a half, air was bubbled into the water through blocks of tulip poplar to maintain circulation and to prevent the growth of surface organisms. Electric light was used in addition to the daylight during the winter months ( fig. 2) , a onehundred watt bulb being placed above each tank. The lights were turned off during the normal period of darkness. Plants were also grown in a cement basin (painted inside with the asphaltum paint to avoid rise in alkalinity). A small stream of tap water was allowed to run continually through the tank, resulting in a pH of 7.7.
Data and discussion
The plants grown in the basin showed a normal development as evidenced by their similarity to plants grown under natural conditions the previous year in a preliminary study. Four leaves form and then the rhizome. There is no hypocotyl and roots do not appear below the cotyledons but at the bases of the true leaves ( fig. 3) 
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remains dormant for about three weeks. The first four leaves then begin to decay and if the underground parts were not examined, one would be apt to think the plants were dying. This striking behavior is a perfectly normal condition. Within three weeks after the temporary arrest in development, new tissue develops from the tuber and its enlargement is very rapid, the rhizome extending through the soil, and leaves and roots appearing at the nodes which occur at quite regular intervals. Branches of the rhizome also occur at the axils of the leaves (fig. 5) .
For a preliminary study of the effect of the hydrogen ion, pH values were established at 11.5, 9.0, 6.0 and 3.3. The two extremes were replaced by plantings at 9.7 and 4.5. The plants were most easily grown at pH 9.0, the one planting being successfully carried for the seven months of the experiment. Temperatures taken at the soil surface varied from 19.50 C. in the winter months to 32°C. in the summer, the average from March 22 to July 22 being 25.40 C. The third and later leaves unrolled the laminae on the surface and during the last month of the experiment projected themselves a considerable distance above the water. The characteristic growth habit of the plant is shown in fig. 6 .
Comparison of plants at pH 9.0 and pH 4.5 A comparison of the pH 9.0 plants with those grown at pH 4.5 again shows that growth at the lower pH was much more rapid. When the former were six months of age and the latter three and one-half months, the average area of laminae at pH 4.5 was 31.9 sq. cm. greater than that of laminae of pH 9.0 plants. During the following month this difference increased, the area of acid laminae exceeding that of the alkaline by 100 sq. cm. The height of the leaves above the water and the diameter of their petioles were also greater in the acid a month later. No tubers were formed at pH-4.5. Starch is ordinarily the chief food reserve in these tubers and it appears that acidity interfered with carbohydrate storage and tuber formation. The laminae, upon microscopical examination showed looser arrangement of tissue in the acid plants. This was evidently due to the rapid growth in the acid. The slower growth at pH 9.0 was at first thought to be due to a greater osmotic pressure in that solution, making absorption of materials from the water and soil more difficult, but determinations of freezing points (8) of the solutions in the pH 4.5 and pH 9 tanks showed a low osmotic pressure ( fig. 7 ). Growth differences are thus the direct result of variations in the hydrion concentration.
The seedlings at pH 4.5 began to develop brown spots in the laminae about a month after their planting. Yellowish The plants described above as developing at pH 7.7 were growni in a loam soil. This basin, however, contained both loam and sand, eaclh covering one-half of the floor. The water continually running in from a tap, circulated freely to all parts of the tank. The only difference in tlle two portions was in the soil. This arrangement permitted a study of the influence of soil types. Equal numbers of fruits were planted in loam and in sand after having been treated with concentrated sulphuric acid. At an early date a distinct difference in the plants of the two soils became apparent. A month after planting it could very clearly be seeii tllat there were more leaves of greater surface area on the plants in loam thani those in the sand. Two weeks later this difference was even more striking ( fig. 8 ).
Tubers were found on the seedlings of both soils but were larger in the loam than in the sand. The plants remained dormant for three to four weeks and again, upon resuming growth, those in the loam greatly surpassed the others in rapidity of development.
Five months after planting there was a very decided differenee, definitely showing that the soil type is probably the most important factor in the development of Nelumbo. The foregoing conclusion is based upon the
